Introduction
CA1 hippocampal pyramidal neurons, but not adjacent CA3 neurons, are highly vulnerable to in vivo ischemic injury (Kirino, 2000) . The selective vulnerability of CA1 has also been observed following in vitro ischemia/hypoxia or oxygen-glucose deprivation (OGD) in rodent organotypic slice cultures (Pringle et al., 1997; Perez Velazquez et al., 1997; Rytter et al., 2003) . Glutamate excitotoxicity is thought to play a pivotal role in CA1 neuronal death because, among other reasons, NMDA receptor (NMDAR) and AMPA receptor (AMPAR) antagonists are neuroprotective following OGD (Pringle et al., 1997; Rytter et al., 2003) . Independent avenues of research indicate that excessive NMDAR-dependent cytosolic Ca 2+ elevation is a key event in excitotoxic death (Choi, 1995; Gillessen et al., 2002) , although this is firmly established only in cultured neurons. However, several observations suggest the general importance of excessive Ca
2+
. For example, OGD-induced Ca 2+ elevations have been implicated in CA1 vulnerability (Perez Velazquez et al., 1997; Bickler and Hansen, 1998; Cronberg et al., 2005) in hippocampal slices. Additionally, increasing external Ca 2+ potentiates NMDA-evoked currents in CA1, but depresses them in CA3 neurons (Grishin et al., 2004) ; these differences were enhanced during OGD (Gee et al., 2006) . Large cytosolic Ca 2+ elevations lead to mitochondrial calcium overload-a crucial step in excitotoxicity-which results in mitochondrial damage, activation of the mitochondrial permeability transition (MPT), the release of pro-apoptotic proteins, and the production of reactive oxygen species (ROS) (Starkov et al., 2004; Nicholls, 2004 Nicholls, , 2009 ). This sequence is well established for isolated brain mitochondria and for neurons in culture, but information directly addressing the role of Ca 2+ in ischemia-evoked mitochondrial dysfunction in in situ neurons is limited. Interestingly, MPT activation and ROS formation were found to be higher in mitochondria from CA1 than in those from CA3 (Mattiasson et al., 2003) , suggesting-although there is no direct evidence-that there may be a relationship between the disparate vulnerability of CA1 vs. CA3 neurons and NMDAinduced, Ca 2+ overload-mediated mitochondrial dysfunction in intact brain preparations. This narrative has so far focused on Ca 2+ , on the presumption that it is the main signaling ion in excitotoxic injury cascades, but certain recent reports have questioned the fact and the role of Ca 2+ elevations in CA1 neurons during OGD in acute slices, instead ascribing a pivotal role to Zn 2+ (Stork and Li, 2006; Medvedeva et al., 2009) . Zn 2+ is known to be toxic, although its source and mechanism(s) of toxicity are largely obscure (Frederickson et al., 2005; Paoletti et al., 2009 ). In particular, it is not clear how Zn 2+ toxicity does or does not relate to mitochondrial dysfunction in excitotoxicity, and whether mitochondria can appreciably buffer Zn 2+ (Dineley et al., 2008) .
In previous studies, we used, among other approaches, direct measurements of intracellular calcium concentrations to show that excitotoxic elevation of free cytosolic Ca 2+ was paralleled by mitochondrial calcium overload (Pivovarova et al., 2004 (Pivovarova et al., , 2008 
